Background: All postpartum women, including those who are breastfeeding or have had a cesarean section, appear potentially suited to intrauterine contraception, a long acting reversible contraceptive (LARC). Like any other method used after delivery, it should not interfere with lactation or be affected by cesarean section. Study design: We searched the MEDLINE, PubMed, Popline, Google Scholar, and Clinicaltrials.gov databases from January 1968 through to December 2012. Studies were included if they reported event rates in women who had a cesarean section and event rates and clinical outcomes in lactating women or their infants in the breastfeeding group. Summary odds ratios were not calculated because of the diverse methods of reporting event rates in the cesarean section group and the heterogeneity of the results in the breastfeeding group. Results: We found 26 articles on event rates in interval and post-placental intrauterine device (IUD) use, and 18 on event rates and clinical outcomes in breastfeeding IUD users. Four prospective studies and one retrospective study showed an increased expulsion rate in interval insertion. There were 19 studies, of which five were controlled in post-placental IUD insertion after cesarean section. Four studies had expulsion rates of 10 or more per 100 woman-years of use and 15 expulsion rates below 10 per 100 woman-years of use. Three studies showed that event rates for lactating IUD users are the same as those for non-lactating users. Fifteen controlled studies showed that the IUD had no effect on milk production and seven of these showed no effect on infant growth. Pharmacovigilance databases report an increased rate of IUD perforations in lactating women, while the event rate studies report that insertion is generally easier and less painful than expected. These were uncontrolled reports.
Introduction
Developing countries tend to have high birth rates. 1 In most cases, these countries are desirous of reducing them. The most effective contraceptive methods are the long acting reversible contraceptive (LARC) which are "forgettable" (user does not have to remember to take it). 2 The importance of being able to breastfeed in all situations, and especially in underprivileged areas, is important for infant welfare. Women who are breastfeeding need to use a contraceptive method which has no effect on lactation. 3 Women who have had a cesarean section (CS), whether for a current or previous pregnancy, also need a contraceptive method which is independent of this procedure. Lactation was used as a contraceptive before the advent of modern methods, and certain populations have used this method alone to space their children 3-4 years apart. 4 During lactation, the suckling reflex inhibits ovulation. This is not mediated via prolactin, which inhibits ovulation at highly elevated levels due to pathological events, eg, pituitary tumors. 4 During normal lactation, oxytocin-induced elevation of endorphins inhibits ovulation. 4 In studies with primates, blocking this response with naloxone induces ovulation. 4 Conversely, blocking prolactin activity with bromocriptine stops milk flow, but does not induce ovulation if the oxytocin endorphin pathway is maintained. 4 It is important to ensure that the contraceptive method used in lactating women augments rather than diminishes lactation, and induces rather than inhibits whatever contraceptive activity lactation is providing.
This review examines the role of intrauterine contraception as a LARC method in these two conditions, and the role it can play in helping women to space out and adequately nourish their children, especially in underdeveloped countries and situations where continuing with lactation is paramount for infant health.
Methods
This study is a systematic review to evaluate possible complications in IUD users when inserted immediately after CS, and 6 weeks or longer after CS. It also evaluates the effect of lactation on IUD performance and vice versa, including the factors determining the lactatory response. The reference list for this study was generated from searching for references from the following databases:
MEDLINE: 'Intrauterine device (IUD, IUCD)'/ 'Intrauterine system (IUS) [MeSH] ' and 'Cesarean section, caesarean section CS, C/S.' [MeSH] . 'Intrauterine device (IUD, IUCD)'/'Intrauterine system (IUS)' and 'Lactation' [MeSH] .
POPLINE: 'IUD' and 'cesarean section'; 'IUD' and 'lactation'.
PubMed: 'IUD' and 'cesarean section'; 'IUD' and 'lactation'.
Google Scholar: 'IUD' and 'post placental cesarean section', and 'IUD' and 'interval cesarean section'; 'IUD' and 'lactation'; the terms were filtered so as not to overlap in the advanced search.
Clinical trials.gov: 'intrauterine device' AND 'cesarean section' and 'intrauterine device' AND 'lactation'.
We did not search Wangfang Data or Weipu Data, which refer to Chinese publications, as most large Chinese studies are available in the main databases. This is nevertheless a shortcoming, but the lack of referral to any Chinese studies other than the ones we found suggests there are not likely to be any other landmark studies in this area. Our study includes peer reviewed papers from January 1968 to December 2012. The search produced 1,145 papers in total, 317 for CS "post placental" and 62 for CS "interval", which was reduced to 262 and 44 after duplicates were eliminated. The search for "lactation" papers produced 828 papers, which was reduced to 592 excluding duplicates.
Only those papers which provided data which were directly referable to "cesarean section (caesarean section)" or "lactation" (assessed from the abstracts) were included, as the terms are used descriptively for subjects in very many IUD studies. The CS papers included only those which gave event rates (ie, analysis of IUD problems such as pregnancy, expulsion, pain and/or bleeding, and infection), expressed preferably by life table analysis, but also those which expressed data as a Pearl index or on a percentage basis. Controlled and uncontrolled studies were included. The same criteria applied to the lactation studies, but in addition studies were included which reported possible chemical changes due to the IUD on lactation. Studies of event rates required at least 20 subjects (one exception was made for a study of post-placental IUD insertion with 19) . The studies of possible chemical changes due to IUD insertion were reported irrespective of the number of subjects. Event rates for both the CS and lactation studies were compared to controls whenever possible, and in one instance are tabulated separately. After imposition of these criteria there were 7 studies of interval IUD insertion post CS, 19 studies of post-placental IUD insertion after CS, 7 studies of the effect of IUDs on lactation chemistry, 14 studies on the effect of the IUD on lactation, and 3 studies on IUD event rates in lactating women. The effect of the IUD on lactation was also examined against controls whenever possible. The data were extracted by one author (NDG) and subsequently independently verified at a later date (PSS). Summary odds ratios were not calculated because of the variable methods of data reporting and some of the poorly quantifiable outcomes reported.
Results

Cesarean section
We found seven studies of interval insertion (ie, insertion at least 6 weeks after the last delivery, whether vaginal or by CS) of IUDs in women who had previously had one CS or more. There were five prospective and two retrospective studies. Five of the studies, including one retrospective, showed elevated expulsion results. Unfortunately, the methods of expression of event rates were both cumulative and non-cumulative, making comparison difficult. Pregnancy rates and device removal rates for medical problems were reported as being in the range of 0-5 per 100 woman-years of use.
The type of IUDs and number of subjects in each study is given in Table 1 . There was one reported perforation, possibly due to a "hyperinvoluted" uterus. 11 There was one study on Copper-T insertion in 76 women with previous cesarean section following surgical termination of pregnancy. 12 The IUD was inserted post-abortum at 8-11 weeks. This study was controlled and the expulsion rate was 2.6%. Since it was neither an interval nor a post-placental CS study, it does not appear in the table.
There were 19 studies of IUD insertion at the time of CS (post-placental cesarean IUD insertion) for which adequate data relative to the procedure is available. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] These studies have been carried out with different types of IUDs over the past 40 years. The studies were all prospective and most of the data is from the People's Republic of China and Latin America. A summary of the studies by device type is given in Table 2 .
Five of the studies were controlled by comparing postpartum insertion after CS with insertion of the IUD in patients with normal vaginal deliveries. In all cases, the expulsion rate was lower in the CS group, and significantly lower in many cases. 15, 20, 23, 24 These studies are summarized separately in Table 3 . Additionally, there are a few large, unpublished studies where details are sometimes quoted in the text as personal communications. The results from these observations were not used, as they did not meet the selection criteria. Some of the possible reasons for the large degree of variation in these results and the implications for post-placental IUD insertion after CS are discussed later.
The effect of IUDs on lactation
There have been numerous studies, both open and controlled, on the possible effect of IUDs on lactation itself, and on the hormonal factors responsible for initiating and maintaining lactation. Following a report of reversible galactorrhea in two IUD users, 26 a number of conflicting studies on the role of IUDs on prolactin, cortisol, and copper metabolism in lactating IUD users have been conducted. [27] [28] [29] [30] [31] [32] [33] [34] The results of these studies are summarized in Table 4 . The consequences of the IUD altering prolactin levels in lactating women appear to be ephemeral at most. The IUD is a LARC method and if it is to be useful during lactation it is important that it shows no effect on inhibiting lactation. Unlike other LARC methods, its mechanism of action is not systemic (including the levonorgestrel intrauterine system). It should not be expected to have an effect on lactation (either positive or negative). Studies of lactation in women using the IUD confirm this. 33, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Additionally, the active agent (whether copper or levonorgestrel) should not adversely affect the quality of the milk as well as the quantity produced. The effect of the IUD on lactation and infant development in users has also been studied. [45] [46] [47] [48] A summary of the studies confirming that there is no adverse effect on quantity and quality of milk production is given in Table 5 .
The effect of lactation on IUD performance
Vaginal post-par tum IUD inser tion has its own complications. Whether lactation has a role at this stage cannot be demonstrated. The effect of established lactation on IUD insertion and performance from 6 weeks postdelivery is amenable to objective evaluation. There are three detailed studies using life table analysis on the effect of lactation on IUD performance, [49] [50] [51] and these are given in Table 6 . Two of these 50, 51 show a significantly increased medical removal rate for non-breastfeeders over those who were breastfeeding. The reasons for this may be that pain and bleeding is reduced in breastfeeders due to the full or partial lactational amenorrhea (LA) which reduces bleeding, and also the possible role of β-endorphin secretion in breastfeeding women. 51 β-endorphin is a powerful natural analgesic and would be expected to decrease all types of pain. Pregnancy rates and expulsion rates were not significantly different for those who were breastfeeding and those who were not.
Discussion
A number of large studies have noted that IUD insertion is relatively easy and pain free in women who are lactating, and that lactation reduces the need for cervical dilation. 51 A study of 6493 women also found that this was especially pronounced in women with lactational amenorrhea; ie, currently breastfeeding, which would be expected in the presence of increased β-endorphin levels, which also makes insertion less painful. 50, 52 The force required to insert an IUD in lactating women is also lower than in non-lactating women for the Copper-T ® (Ortho Pharmaceuticals, Raritan, NJ, USA), TCu 380A, ParaGard 52 The reported rate of perforation has been quoted as being from 1 in 350, to 1 in 2,600 insertions. 54, 55 Lactation also appears to be a major factor in perforations with the Mirena ® (Bayer, Wuppertal, Germany). Of 701 perforations reported by pharmacovigilance centers, 192 (42%) were in Mirena ® users who were breastfeeding at the time. 56 The reasons for the high rate of expulsion in interval IUD insertions after CS are not apparent. Five of seven studies of interval IUD insertion in women who had previously undergone CS showed elevated expulsion rates. These studies were mainly on older devices; there was no information on the , the current benchmark for copper-containing IUDs. It would be interesting to determine the attitude of inserters to see if there is any variation in their practical technique. Alternatively, it may be possible that the uterine scar is a factor, as it is in vaginal birth after CS (VBAC). A wealth of information on this topic exists in many databases. It would be worthwhile to extract and re-examine this data.
The variation in expulsion rates after post-placental CS can be explained by the large number of different devices and techniques used. Some promising ideas are already being evaluated, so this should become a highly viable option.
The CS rate is increasing worldwide and very rapidly in some countries. 57 While the rate itself might be lower in most developing countries, the absolute numbers are high because of the high birth rates. In addition, the need for women to breastfeed in these countries is especially important because of the limited financial ability to use infant feeding formulas and to use them adequately when they are adopted.
For these women to be able to space their families adequately, it is important that they are able to use a LARC method which does not interfere with breastfeeding or breast milk, is cost-effective, and the use of which does not conflict with some of the consequences of childbirth, eg, CS.
There is no one reversible birth control method, short or long-acting, which is perfect in this regard. The IUD comes fairly close to this, with a few provisos. LARC methods should be introduced as soon after delivery as possible, and certainly before the mother leaves the facility because of the problems of follow up. The problems of the post-placental insertion of IUDs after vaginal births are well known, in particular, premature device expulsion.
Fortunately, the rates of expulsion after CS post-placental insertions appear to be significantly lower than when the IUD is used immediately after vaginal birth following delivery of the placenta, making insertion of IUDs immediately after CS this a much more viable option. There are many reasons for this and the design of IUDs especially for this purpose should both solve the expulsion problem and make this a very practical LARC method.
In order not to deprive women who have had previous cesarean deliveries of the IUD, we suggest that extra care should be taken in these subjects to ensure fundal IUD placement. Puerperal insertion also requires expertise to avoid these excessive expulsions. 3 The newer IUDs may be less likely to be associated with some of these problems, and that is a subject for further examination.
Earlier studies suggesting that the IUD could raise prolactin levels 26, 34 and possibly affect lactation have not been confirmed. Both the current copper-releasing and hormonereleasing IUDs appear to have no effect on the quantity, quality, and duration of breastfeeding. In lactating women, IUD event rates of expulsion, pregnancy, and medical removal are not adversely different from non-lactating women, with the exception that medical removal rates are lower. 51 Numerous studies have shown that insertion of IUDs in lactating women requires less cervical dilation and lower force to actually place the device. This is probably due to higher circulating β-endorphin levels and the softer consistency of lactating and especially puerperal uterine muscle. These factors may make insertion easier, but they also make perforation more likely since the inserter will perceive less resistance to insertion and the acceptor will experience less pain during the procedure. A previous CS and the presence of lactation require careful attention to detail to avoid the problems of expulsion and perforation, respectively. Despite these problems, neither a previous CS nor lactation is a World Health Organization contraindication to IUD insertion. 58 
Conclusion
Women who have had a CS and/or are breastfeeding are good candidates for intrauterine contraception such as LARCs. Post-placental CS IUD insertion is especially valuable as it appears to present fewer problems than after vaginal delivery. While IUDs do not affect lactation, and insertion of an IUD in 
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IUD in cesarean section and lactation lactating women is generally less painful and better tolerated, there are still attendant risks, such as perforation.
In women who have previously had a CS, IUD use in the presence of uterine scar appears to be associated with a higher risk of expulsion. Both these groups of women may use the IUD as a LARC method in appropriate circumstances. Extra care should be taken when placing IUDs in these women in order to try and mitigate potential IUD related problems.
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